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We propose a renormalizable theory based on the SU(3)C × SU(3)L × U(1)X gauge symmetry,
supplemented by the spontaneously broken U(1)Lg global lepton number symmetry and the S3×Z2
discrete group, which successfully describes the observed SM fermion mass and mixing hierarchy. In
our model the top and exotic quarks get tree level masses, whereas the bottom, charm and strange
quarks as well as the tau and muon leptons obtain their masses from a tree level Universal seesaw
mechanism thanks to their mixing with charged exotic vector like fermions. The masses for the
first generation SM charged fermions are generated from a radiative seesaw mechanism at one loop
level. The light active neutrino masses are produced from a loop level radiative seesaw mechanism.
Furthermore, our model can successfully accommodates the electron and muon anomalous magnetic
dipole moments.
I. INTRODUCTION
Despite of the excellent agreement of the Standard Model (SM) predictions with the experimental data, there are
several unaddressed issues that do not find explanation within its framework. Among them are the observed pattern
of SM fermion masses and mixing angles, the tiny values of the light active neutrino masses, the number of SM
fermion families, the electric charge quantization and the anomalous magnetic moments of the muon and electron.
Addressing these issues requires to consider extensions of the SM with enlarged particle content and symmetries. In
particular, theories based on the SU(3)C×SU(3)L×U(1)X gauge symmetry (3-3-1 models) [1–51], have received a lot
of attention since they answer some of the open questions of the SM, such as, for example, the number of SM fermion
families and the electric charge quantization. Adding discrete symmetries and extending the scalar and fermionic
content of such 3-3-1 models allows addressing the observed SM fermion mass and mixing hierarchy. Furthermore, if
one considers 3-3-1 models where the fermions do not have exotic electric charges, the third component of the SU(3)L
leptonic triplet will be electrically neutral. This allows the implementation of a low scale linear or inverse seesaw
mechanism producing the tiny light active neutrino masses and sterile neutrinos with masses at the SU(3)L ×U(1)X
∗Electronic address: antonio.carcamo@usm.cl
†Electronic address: yocehidalgov@gmail.com
‡Electronic address: sergey.kovalenko@usm.cl
§Electronic address: hoangngoclong@tdtu.edu.vn
¶Electronic address: nicolasperezjulve@gmail.com
∗∗Electronic address: wvienk16@gmail.com
ar
X
iv
:2
00
2.
07
34
7v
2 
 [h
ep
-p
h]
  4
 M
ar 
20
20
2symmetry breaking scale, thus making the model testable at colliders.
Imposing discrete symmetries allows one to forbid tree level masses arising from the Standard Yukawa interactions for
the SM fermions lighter than the top quark. To generate such masses, one has to consider heavy vector-like fermions,
mixing with the SM fermions lighter than the top quark, as well as gauge singlet scalar fields. Their inclusion in the
particle spectrum of the model is crucial for the implementation of the Universal and radiative seesaw mechanisms
needed to generate the masses for the SM fermions lighter than the top quark, thus explaining the SM charged fermion
mass hierarchy. In addition, the heavy vector like leptons can provide an explanation for the anomalous electron and
muon magnetic moments, which is not given within the context of the SM. A study of such g − 2 anomalies in terms
of New Physics and a possible UV complete explanation via vector-like leptons is performed in [52]. Also in Ref. [53],
g− 2 anomalies can be explained using a minimal supersymetric standard model assuming a minimal flavor violation
in the lepton sector. In this work we will consider a renormalizable theory based on the SU(3)C × SU(3)L × U(1)X
gauge symmetry, supplemented by the spontaneously broken U(1)Lg global lepton number symmetry and the S3×Z2
discrete group. We choose S3 symmetry since it is the smallest non-Abelian discrete symmetry group having three
irreducible representations (irreps), explicitly, two singlets and one doublet irreps. This symmetry has been shown to
be useful in several extensions of the SM, for obtaining predictive SM fermion mass matrix textures that successfully
describe the observed SM fermion mass and mixing pattern [12, 19–21, 54–83]. In the proposed model, the top and
exotic quarks get tree level masses whereas the masses of the bottom, charm and strange quarks as well as the tau
and muon charged lepton masses are produced from a tree level Universal Seesaw mechanism. The masses for the
first generation SM charged fermions are generated from a one loop level radiative seesaw mechanism mediated by
charged vector like fermions and electrically neutral scalars. The light active neutrino masses are produced from a
one loop level radiative seesaw mechanism. Our model is consistent with the low energy SM fermion flavor data and
successfully accommodates the experimental values of the muon and electron magnetic dipole moments. The content
of this paper goes as follows. The model is explained in section II. Its implications on quark masses and mixings
are discussed in section III. Lepton masses and mixings are described in section IV. The constraints imposed on the
model parameter space by the experimental measurements of the muon and electron anomalous magnetic moments
are discussed in sections V and V, respectively. Conclusions are given in section VI. A concise description of the S3
discrete group is given in Appendix A.
II. THE MODEL
We consider a renormalizable extension of the 3-3-1 model with right handed Majorana neutrinos, where the SU(3)C×
SU(3)L×U(1)X gauge symmetry is supplemented by the spontaneously broken U(1)Lg global lepton number symmetry
and the S3 × Z2 discrete group, the scalar sector is enlarged by the inclusion of several gauge singlet scalars and the
fermion sector is augmented by the introduction of heavy electrically charged vector like fermions. Such electrically
charged vector like fermions are assumed to be singlets under the SU(3)L gauge symmetry, thus allowing to easily
comply with collider constraints as well as with the constraints arising from electroweak precision tests. The left and
right handed components of such vector like fermions have the same transformation properties under the different group
factors of the model thus allowing to build mass terms for these fields invariant under the SU(3)C×SU(3)L×U(1)X×
S3×Z2 group. The scalar and fermionic content with their assignments under the SU(3)C×SU(3)L×U(1)X×S3×Z2
group are shown in Tables I and II, respectively. The dimensions of the SU(3)C , SU(3)L and S3 representations shown
in Tables I and II are specified by the numbers in boldface.
The vector like fermions mix with the SM charged fermions lighter than the top quark thus giving rise to a tree
level Universal seesaw mechanism that produces the masses for the bottom, charm and strange quarks as well as the
tau and muon charged lepton masses. The first generation SM charged fermions, i.e., the up, down quarks and the
electron get their masses from a one loop level radiative seesaw mechanism mediated by charged vector like fermions
and electrically neutral scalars. In addition, light active neutrino masses are generated from a one loop level radiative
seesaw mechanism mediated by the right handed Majorana neutrinos and the . Furthermore, the smallness of the µ
parameter of the inverse seesaw mechanism, crucial to explain the tiny values of the light active neutrino masses, is
naturally explained in our model by assuming a low symmetry breaking scale for the U(1)Lg global lepton number
symmetry. Notice that the U(1)Lg global lepton number symmetry is spontaneously broken down to a residual discrete
Z
(Lg)
2 by the vacuum expectation value (VEV) of the U(1)Lg charged gauge-singlet scalars σi (i = 1, 2, 3) having a
nontrivial U(1)Lg charge, as indicated by Table I. The residual discrete Z
(Lg)
2 lepton number symmetry, under which
the leptons are charged and the other particles are neutral, forbids interactions having an odd number of leptons, thus
preventing proton decay. The massless Goldstone boson, i.e., the Majoron, arising after the spontaneous breaking of
the U(1)Lg symmetry, does not cause problems in the model because it is a SU(3)L scalar singlet.
3In addition, our model does not have fermions with exotic electric charges. Thus, the electric charge in our model is
defined as follows:
Q = T3 + βT8 +X = T3 − 1√
3
T8 +X .
Furthermore, the lepton number has a gauge component as well as a complementary global one, as indicated by the
following relation:
L =
4√
3
T8 + Lg,
being Lg a conserved charge associated with the U(1)Lg global lepton number symmetry.
In our model the full symmetry G experiences the following spontaneous symmetry breaking chain:
G = SU(3)C × SU(3)L × U(1)X × U(1)Lg × S3 × Z2
vχ,vξ,vϕ,−−−−−−→
SU(3)C × SU(2)L × U(1)Lg
vη,vρ−−−→
SU(3)C × U(1)Q × U(1)Lg
vσ,vσ3−−−−→
SU(3)C × U(1)Q, (1)
where the different symmetry breaking scales fulfill the hierarchy:
vχ ∼ vξ ∼ vϕ  vη, vρ  vσ, vσ3 , (2)
with v2η + v
2
ρ = v
2, v = 246 GeV and vχ ∼ O(10) TeV. Notice that we are considering a scale for the spontaneous
breaking of the SU(3)L×U(1)X gauge symmetry around 10 TeV in order to keep consistency with collider constraints
[84], the constraints from the experimental data on K, D and B meson mixings [85] and Bs,d → µ+µ−, Bd →
K∗(K)µ+µ− decays [9, 86–89] .
The SU(3)L triplet scalars χ, η and ρ can be expanded around the minimum as follows:
χ =
 1√2
(
wχ + χ
0
1R + iχ
0
1I
)
χ−2
1√
2
(vχ + ξχ ± iζχ)
 , η =
 1√2 (vη + ξη ± iζη)η−2
1√
2
(
wη + η
0
3R + iη
0
3I
)
 , ρ =
 ρ+11√
2
(vρ + ξρ ± iζρ)
ρ+3
 , (3)
where wχ, wη  vη, vρ.
The SU(3)L fermionic antitriplets and triplets are represented as:
QnL =
 Dn−Un
Jn

L
, Q3L =
U3D3
T

L
, LiL =
νili
νci

L
, n = 1, 2, i = 1, 2, 3. (4)
With the particle content specified in Tables I and II, the following quark and lepton Yukawa terms arise:
−L(q)Y = yTQ3LχTR + yJ
(
QLχ
∗JR
)
1
+ yUQ3LηU3R +mT˜
(
T˜LT˜R
)
1
+mB
(
BLBR
)
1
+mB3B3LB3R
+xT
(
QLρ
∗T˜R
)
1
+
2∑
n=1
z(U)n
(
T˜Lξ
)
1′
UnR + xB
(
QLη
∗BR
)
1
+
3∑
j=1
z
(D)
j
(
BLξ
)
1′ DjR
+yBQ3LρB3R +
3∑
j=1
x
(D)
j B3LϕDjR +H.c, (5)
−L(l)Y = xE
(
LLρER
)
1
+
3∑
j=1
z
(l)
j
(
ELξ
)
1′ ljR + yEL3LρE3R +
3∑
j=1
x
(l)
j E3LϕljR +mE
(
ELER
)
1
+mE3E3LE3R
+xN
(
LLχNR
)
1
+ yNL3LχN3R + h1N
(
NRNCR
)
2
σ + h2N
(
NRNC3Rσ
)
1
+h3N
(
NRNCR
)
1
σ3 + h4NN3RNC3Rσ3 +H.c. (6)
4We consider the following VEV configurations for the S3 doublets:
〈ξ〉 = vξ (1, 0) , 〈σ〉 = vσ (1, 0) , (7)
which are consistent with the scalar potential minimization equations for a large region of parameter space [20, 70, 90].
χ η ρ ξ ϕ σ σ3
SU(3)C 1 1 1 1 1 1 1
SU(3)L 3 3 3 1 1 1 1
U(1)X − 13 − 13 23 0 0 0 0
U(1)Lg
4
3
− 2
3
− 2
3
0 0 2 2
S3 1 1 1 2 1
′ 2 1
Z2 1 1 1 −1 −1 1 1
Table I: Scalar assignments under SU(3)C × SU(3)L × U(1)X × U(1)Lg × S3 × Z2.
QL Q3L UnR U3R DiR TR JR T˜L T˜R BL BR B3L B3R LL L3L liR EL ER E3L E3R NR N3R
SU(3)C 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1 1 1 1 1 1 1 1
SU(3)L 3 3 1 1 1 1 1 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1
U(1)X 0
1
3
2
3
2
3
− 1
3
2
3
− 1
3
2
3
2
3
− 1
3
− 1
3
− 1
3
− 1
3
− 1
3
− 1
3
− 1
3
−1 −1 −1 −1 0 0
U(1)Lg
2
3
− 2
3
0 0 0 −2 2 0 0 0 0 0 0 1
3
1
3
1 1 1 1 1 −1 −1
S3 2 1 1
′ 1 1′ 1 2 2 2 2 2 1 1 2 1 1′ 2 2 1 1 2 1
Z2 1 1 −1 1 −1 1 1 1 1 1 1 1 1 1 1 −1 1 1 1 1 1 1
Table II: Fermion assignments under SU(3)C × SU(3)L × U(1)X × U(1)Lg × S3 × Z2. Here n = 1, 2 and i = 1, 2, 3.
III. QUARK MASSES AND MIXINGS
From the quark Yukawa interactions in Eq. (5), we find that the up-type mass matrix in the basis
(u1L, u2L, u3L, TL, T˜ 1L, T˜ 2L) versus (u1R, u2R, u3R, TR, T˜1R, T˜2R) is given by:
MU =

∆U 02×1 02×1 AU
01×2 mt 0 01×2
01×2 0 mT 01×2
BU 02×1 02×1 M˜T
 , AU = xT
(
1 0
0 1
)
vρ√
2
, BU =
(
0 0
z
(U)
1 z
(U)
2
)
vξ,
mt = yU
vη√
2
= a
(U)
3
v√
2
, a
(U)
3 yU
vη
v
, M˜T = mT˜
(
1 0
0 1
)
, ∆U =
(
ε
(U)
11 ε
(U)
12
ε
(U)
21 ε
(U)
22
)
vρ√
2
,
ε
(U)
1n =
1
16pi2
λρ†ρξ2λξ3ϕxT z
(U)
n vϕv
2
ξ
mTm2ξ2
[
C0
(
mξη
mB
,
mRe ξ2
mB
)
− C0
(
mζη
mB
,
mIm ξ2
mB
)]
, n = 1, 2,
ε
(U)
2n =
1
16pi2
λρ†ρξ2xT z
(U)
n vξ
mT
[
C0
(
mξη
mB
,
mRe ξ2
mB
)
− C0
(
mζη
mB
,
mIm ξ2
mB
)]
, (8)
whereas the down type quark mass matrix written in the basis (d1L, d2L, d3L, J1L, J2L, B1L, B2L, B3L)-
5(d1R, d2R, d3R, J1R, J2R, B1R, B2R, B3R) takes the form:
MD =
 ∆D 03×2 AD02×3 MJ 02×3
BD 03×2 MB
 , AD =

xB
vη√
2
0 0
0 xB
vη√
2
0
0 0 yB
vρ√
2
 , BD =
 0 0 0z(D)1 vξ z(D)2 vξ z(D)3 vξ
x
(D)
1 vϕ x
(D)
2 vϕ x
(D)
3 vϕ
 ,
MJ = y
(J) vχ√
2
(
1 0
0 1
)
, MB =
 mB 0 00 mB 0
0 0 mB3
 , ∆D =
 ε
(D)
11 ε
(D)
12 ε
(D)
13
ε
(D)
21 ε
(D)
22 ε
(D)
23
ε
(D)
31 ε
(D)
32 ε
(D)
33
 vρ√
2
,
ε
(D)
1i =
1
16pi2
λρ†ρξ2λξ3ϕxBz
(D)
i vϕv
2
ξvη
mBm2ξ2vρ
[
C0
(
mξη
mB
,
mRe ξ2
mB
)
− C0
(
mζη
mB
,
mIm ξ2
mB
)]
,
ε
(D)
2i =
1
16pi2
λρ†ρξ2xBz
(D)
i vξvη
mBvρ
[
C0
(
mξη
mB
,
mRe ξ2
mB
)
− C0
(
mζη
mB
,
mIm ξ2
mB
)]
,
ε
(D)
3i =
1
16pi2
λρ†ρϕ2xBz
(D)
i vϕ
mB
[
C0
(
mξρ
mB
,
mReϕ
mB
)
− C0
(
mζρ
mB
,
mImϕ
mB
)]
, i = 1, 2, 3, (9)
where as seen from Eqs. (8) and (9), the ∆U and ∆D submatrices are generated at one loop level. The one loop level
Feynman diagrams generating the ∆U and ∆D submatrices are shown in Figure 1. In addition, the following function
has been introduced:
C0 (m̂1, m̂2) =
1
(1− m̂21) (1− m̂22) (m̂21 − m̂22)
{
m̂21m̂
2
2 ln
(
m̂21
m̂22
)
− m̂21 ln m̂21 + m̂22 ln m̂22
}
. (10)
As shown by Eqs. (8) and (9), the very heavy vector like quarks mix with the SM quarks lighter than the top quark.
Such very heavy vector like quarks are assumed to have masses much larger than the SU(3)L × U(1)X symmetry
breaking scale. Thus, in view of the above, a tree level Universal seesaw mechanism produces the charm, bottom and
strange quark masses. The masses for the up and down quarks are generated from a one loop level radiative seesaw
mechanism. Consequently, the following SM quark mass matrices are obtained:
M˜U =
(
∆U +AUM
−1
T˜
BU 02×1
01×2 mt
)
=

ε
(U)
11
vρ√
2
ε
(U)
12
vρ√
2
0
ε
(U)
21
vρ√
2
+
xT z
(U)
1 vξvρ√
2mT˜
ε
(U)
22
vρ√
2
+
xT z
(U)
2 vξvρ√
2mT˜
0
0 0 mt
 , (11)
M˜D = ∆D +ADM
−1
B BD
=

ε
(D)
11
vρ√
2
ε
(D)
12
vρ√
2
ε
(D)
13
vρ√
2
ε
(D)
21
vρ√
2
+ xBz
(D)
1
vξvη√
2mB
ε
(D)
22
vρ√
2
+ xBz
(D)
2
vξvη√
2mB
ε
(D)
23
vρ√
2
+ xBz
(D)
3
vξvη√
2mB
ε
(D)
31
vρ√
2
+ yBx
(D)
1
vϕvρ√
2mB3
ε
(D)
32
vρ√
2
+ yBx
(D)
2
vϕvρ√
2mB3
ε
(D)
33
vρ√
2
+ yBx
(D)
3
vϕvρ√
2mB3
 . (12)
In the following we will show that the SM quark mass matrices given above are consistent with the current data
on quark masses and mixings. To this end, and considering that the ε
(U)
nm (n,m = 1, 2) and ε
(D)
ij (i, j = 1, 2, 3)
dimensionless parameters are generated at one loop level, we choose a benchmark scenario where we set:
vξ = λ
4 vmT˜
vρ
= λ5
vmB
vη
, vϕ = λ
3 vmB3
vρ
, ε(U)nm = b
(U)
nmλ
8 v
vρ
,
ε
(D)
ij = b
(D)
ij λ
7 v
vρ
, i, j = 1, 2, 3; n,m = 1, 2,
where v =
√
v2ρ + v
2
η = 246 GeV is the electroweak symmetry breaking scale, λ = 0.225 is one of the Wolfenstein
parameters, b
(U)
nm and b
(D)
ij are O(1) parameters.
6Consequently, the SM quark mass matrices take the form:
M˜U =
 b
(U)
11 λ
8 b
(U)
12 λ
8 0
b
(U)
21 λ
8 + a
(U)
21 λ
4 b
(U)
22 λ
8 + a
(U)
22 λ
4 0
0 0 mt
 v√
2
=
 b
(U)
11 λ
8 b
(U)
12 λ
8 0
c
(U)
21 λ
4 c
(U)
22 λ
4 0
0 0 mt
 v√
2
, (13)
M˜D =
 b
(D)
11 λ
7 b
(D)
12 λ
7 b
(D)
13 λ
7
b
(D)
21 λ
7 + a
(D)
21 λ
5 b
(D)
22 λ
8 + a
(D)
22 λ
5 b
(D)
23 λ
8 + a
(D)
23 λ
5
b
(D)
31 λ
7 + a
(D)
31 λ
3 b
(D)
32 λ
7 + a
(D)
32 λ
3 b
(D)
33 λ
7 + a
(D)
33 λ
3
 v√
2
=
 b
(D)
11 λ
7 b
(D)
12 λ
7 b
(D)
13 λ
7
c
(D)
21 λ
5 c
(D)
22 λ
5 c
(D)
23 λ
5
c
(D)
31 λ
3 c
(D)
32 λ
3 c
(D)
33 λ
3
 v√
2
, (14)
where
a
(U)
21 = xT z
(U)
1 , a
(U)
22 = xT z
(U)
2 ,
a
(D)
2i = xBz
(D)
i , a
(D)
3i = yBx
(D)
i , i = 1, 2, 3. (15)
The model has 13 dimensionless parameters in the quark sector. This allows us to reproduce precisely the central
experimental values of 10 quark observables, shown in Table III. The corresponding values of the model parameters
are:
b
(U)
11 = c
(U)
21 = 1, b
(U)
12 ' 2.773, b(U)22 ' 1.001, a(U)3 ' 0.989,
b
(D)
11 ' −1.335 + 0.929i, b(D)12 ' 1.217 + 1.314i, b(D)13 ' 2.112− 0.929i,
c
(D)
21 ' −0.869, c(D)22 ' −0.438, c(D)13 ' 0.860,
c
(D)
31 ' −0.707, c(D)32 ' −1.001, c(D)33 ' 0.707. (16)
An important point for us is that all these values are of the order of one. This means that the hierarchy of the quark
masses and mixing originate in our model from its symmetries and the field content without the need of tuning the
model parameters.
Observable Experimental value
mu(MeV ) 1.45
+0.56
−0.45
mc(MeV ) 635± 86
mt(GeV ) 172.1± 0.6± 0.9
md(MeV ) 2.9
+0.5
−0.4
ms(MeV ) 57.7
+16.8
−15.7
mb(GeV ) 2.82
+0.09
−0.04
sin θ
(q)
12 0.225
sin θ
(q)
23 0.0421
sin θ
(q)
13 0.00365
J (3.18± 0.15)× 10−5
Table III: Experimental MZ-scale values of the quark masses [91, 92] and CKM parameters [93].
7IV. LEPTON MASSES AND MIXINGS
From the charged lepton Yukawa interactions in Eq. (6), we find that the charged lepton mass matrix in the basis
(l1L, l2L, l3L, E1L, E2L, E3L) versus (l1R, l2R, l3R, E1R, E2R, E3R) is given by:
Ml =
(
∆l Al
Bl M˜E
)
, ∆l =
 ε
(l)
11 ε
(l)
12 ε
(l)
13
ε
(l)
21 ε
(l)
22 ε
(l)
23
ε
(l)
31 ε
(l)
32 ε
(l)
33
 vρ√
2
, Al =
 xE 0 00 xE 0
0 0 yE
 vρ√
2
,
Bl =
 0 0 0−z(l)1 vξ −z(l)2 vξ −z(l)3 vξ
x
(l)
1 vϕ x
(l)
2 vϕ x
(l)
3 vϕ
 , M˜E =
 mE 0 00 mE 0
0 0 mE3
 ,
ε
(l)
1i =
1
16pi2
λρ†ρξ2λξ3ϕxEz
(l)
i vϕv
2
ξ
mEm2ξ2
[
C0
(
mξρ
mE
,
mRe ξ2
mE
)
− C0
(
mζρ
mE
,
mIm ξ2
mE
)]
,
ε
(l)
2i =
1
16pi2
λρ†ρξ2xEz
(l)
i vξ
mE
[
C0
(
mξρ
mE
,
mRe ξ2
mE
)
− C0
(
mζρ
mE
,
mIm ξ2
mE
)]
,
ε
(l)
3i =
1
16pi2
λρ†ρϕ2xEz
(E)
i vϕ
mE
[
C0
(
mξρ
mE
,
mReϕ
mE
)
− C0
(
mζρ
mE
,
mImϕ
mE
)]
, i = 1, 2, 3. (17)
where as seen from Eq. (17), the ∆l submatrix is generated at one loop level. The one loop level Feynman diagrams
generating the ∆l submatrix is shown in Figure 2.
As shown by Eq. (17), the very heavy vector like charged leptons mix with the SM charged leptons. Such very heavy
vector like charged leptons are assumed to have masses much larger than the SU(3)L × U(1)X symmetry breaking
scale. Therefore, the tau and muon masses are generated from a tree level Universal seesaw mechanism. The electron
mass arises from a one loop level radiative seesaw mechanism. Consequently, we get the following SM charged lepton
mass matrix:
M˜l = ∆l +AlM˜
−1
E Bl =

ε
(l)
11
vρ√
2
ε
(l)
12
vρ√
2
ε
(l)
13
vρ√
2
ε
(l)
21
vρ√
2
− xEz(l)1 vξvρ√2mE ε
(l)
22
vρ√
2
− xEz(l)2 vξvρ√2mE ε
(l)
23
vρ√
2
− xEz(l)3 vξvρ√2mE
ε
(l)
31
vρ√
2
+ yEx
(l)
1
vϕvρ√
2mE3
ε
(l)
32
vρ√
2
+ yEx
(l)
2
vϕvρ√
2mE3
ε
(l)
33
vρ√
2
+ yEx
(l)
3
vϕvρ√
2mE3
 . (18)
In order to show that our model can accommodate the current pattern of SM charged lepton masses and considering
that the ε
(l)
ij (i, j = 1, 2, 3) dimensionless parameters are generated at one loop level, we choose a benchmark scenario
where we set:
vξ = λ
5 vmE
vρ
, vϕ = λ
3 vmE3
vρ
, ε
(l)
ij = b
(l)
ij λ
9 v
vρ
, i, j = 1, 2, 3,
a21 = −xEz(l)1 , a22 = −xEz(l)2 , a23 = −xEz(l)3 ,
a31 = yEx
(l)
1 , a32 = yEx
(l)
2 , a33 = yEx
(l)
3 . (19)
Thus, the SM charged lepton mass matrix reads:
M˜l =
 b
(l)
11λ
9 b
(l)
12λ
9 b
(l)
13λ
9
b
(l)
21λ
9 + a
(l)
21λ
5 b
(l)
22λ
9 + a
(l)
22λ
5 b
(l)
23λ
9 + a
(l)
23λ
5
b
(l)
31λ
9 + a
(l)
31λ
3 b
(l)
32λ
9 + a
(l)
32λ
3 b
(l)
33λ
9 + a
(l)
33λ
3
 v√
2
=
 b
(l)
11λ
9 b
(l)
12λ
9 b
(l)
13λ
9
c
(l)
21λ
5 c
(l)
22λ
5 c
(l)
23λ
5
c
(l)
31λ
3 c
(l)
32λ
3 c
(l)
33λ
3
 v√
2
, (20)
where
c
(l)
21 = b
(l)
21λ
4 + a
(l)
21 , c
(l)
22 = b
(l)
22λ
4 + a
(l)
22 , c
(l)
23 = b
(l)
23λ
4 + a
(l)
23 ,
c
(l)
31 = b
(l)
31λ
6 + a
(l)
31 , c
(l)
32 = b
(l)
32λ
6 + a
(l)
32 , c
(l)
33 = b
(l)
33λ
6 + a
(l)
33λ
3. (21)
8The matrix M˜l in Eq. (20) is diagonalized as follow:
U+L M˜lUR = diag (me,mµ,mτ ) , (22)
where1
UL =

x11
b
(l)
12 λ
4x22
a
(l)
22+b
(l)
22 λ
4
b
(l)
13 λ
6x33
a
(l)
33+b
(l)
33 λ
6(
a
(l)
21+b
(l)
21 λ
4
)
x11
b
(l)
11 λ
4
x22
(
a
(l)
23+b
(l)
23 λ
4
)
λ4x33
a
(l)
33+b
(l)
33 λ
6(
a
(l)
31+b
(l)
31 λ
6
)
x11
b
(l)
11 λ
6
(
a
(l)
32+b
(l)
32 λ
6
)
x22(
a
(l)
22+b
(l)
22 λ
4
)
λ2
x33
 , UR = 1, (23)
U+L =

x11
(
a
(l)∗
21 +b
(l)∗
21 λ
4
)
x11
b
(l)∗
11 λ
4
(
a
(l)∗
31 +b
(l)∗
31 λ
6
)
x11
b
(l)∗
11 λ
6
b
(l)∗
12 λ
4x22
a
(l)∗
22 +b
(l)∗
22 λ
4
x22
(
a
(l)∗
32 +b
(l)∗
32 λ
6
)
x22(
a
(l)∗
22 +b
(l)∗
22 λ
4
)
λ2
b
(l)∗
13 λ
6x33
a
(l)∗
33 +b
(l)∗
33 λ
6
(
a
(l)∗
23 +b
(l)∗
23 λ
4
)
λ4x33
a
(l)∗
33 +b
(l)∗
33 λ
6
x33
 ≡
 Λ11 Λ12 Λ13Λ21 Λ22 Λ23
Λ31 Λ32 Λ33
 , (24)
with
x11 = α0α1α2, x22 = −iα0β1β2, x33 = −iα0γ1γ2, (25)
and α0,1,2, β1,2 and γ1,2 are defined in Appendix B.
The charged lepton masses are given by:
me =
α2
α0α1
λ9
v√
2
, mµ =
iβ2
α0β1
λ5
v√
2
, mτ =
iγ2
α0γ1
λ3
v√
2
, (26)
where λ = 0.225 is one of the Wolfenstein parameters, v = 246 GeV is the electroweak symmetry breaking scale.
Comparing Eq. (26) with the experimental values of the charged leptons masses at the electroweak scale given in Ref.
[93]:
me ' 0.51099 MeV, mµ ' 105.65837 MeV, mτ ' 1776.86 MeV, (27)
we get
α012 ≡ α2
α0α1
= 1.98769, β012 ≡
iβ2
α0β1
= 1.05335, γ012 ≡
iγ2
α0γ1
= 0.896779 (28)
This means
|α2| ∼ |α0α1|, |β2| ∼ |α0β1|, |γ2| ∼ |α0γ1|. (29)
On the other hand, the neutrino Yukawa interactions give rise to the following neutrino mass terms:
− L(ν)mass =
1
2
(
νCL νR NR
)
Mν
 νLνCR
NCR
+H.c, (30)
where the neutrino mass matrix Mν is
1 For simplicity we used notations
(
a
(l)
ij
)∗
= a
(l)∗
ij ,
(
b
(l)
ij
)∗
= b
(l)∗
ij .
9Mν =
M1 03×3 03×303×3 M2 Mχ
03×3 MTχ µ
 , (31)
with the submatrices M1 and M2 are generated at one loop level, whereas the submatrices Mχand µ appear at tree
level and are given by:
Mχ =
 xN 0 00 xN 0
0 0 yN
 vχ√
2
,
µ =
 h3Nvσ3 − h1Nvσ1 h1Nvσ2 h2Nvσ1h1Nvσ2 h3Nvσ3 + h1Nvσ1 h2Nvσ2
h2Nvσ1 h2Nvσ2 h4Nvσ3
 . (32)
The light active neutrino mass matrix is generated by the loop diagrams shown in Figure 3 and is given by:
M˜ν = M1 =
 x2NF
(
µ11,mχ1R ,mχ1I
)
µ11 x
2
NF
(
µ12,mχ1R ,mχ1I
)
µ12 xNyNF
(
µ13,mχ1R ,mχ1I
)
µ13
x2NF
(
µ12,mχ1R ,mχ1I
)
µ12 x
2
NF
(
µ22,mχ1R ,mχ1I
)
µ22 xNyNF
(
µ23,mχ1R ,mχ1I
)
µ23
xNyNF
(
µ13,mχ1R ,mχ1I
)
µ13 xNyNF
(
µ23,mχ1R ,mχ1I
)
µ23 y
2
NF
(
µ33,mχ1R ,mχ1I
)
µ33
 ,
(33)
where the following loop function has been introduced [94]:
F (m1,m2,m3) =
1
16pi2
[
m22
m22 −m21
ln
(
m22
m21
)
− m
2
3
m23 −m21
ln
(
m23
m21
)]
. (34)
In the limit where µij  mχ1R , mχ1I , the light active neutrino mass matix becomes:
M˜ν '
m2χ1R −m2χ1I
8pi2
(
m2χ1R +m
2
χ1I
)
 x2Nµ11 x2Nµ12 xNyNµ13x2Nµ12 x2Nµ22 xNyNµ23
xNyNµ13 xNyNµ23 y
2
Nµ33
 . (35)
In order to generate the remarkable fermion mixing pattern, we choose the VEV configuration of the S3 scalar doublet
σ shown in Eq. (7). With this alignment, the light active neutrino mass matix in Eq. (35) becomes:
M˜ν '
 λ11 0 λ130 λ22 0
λ13 0 λ33
 , (36)
where
λ11 = λ0(h3Nvσ3 − h1Nvσ)x2N , λ13 = λ0h2NvσxNyN ,
λ22 = λ0(h3Nvσ3 + h1Nvσ)x
2
N , λ33 = λ0h4Nvσ3y
2
N , (37)
λ0 =
m2χ1R −m2χ1I
8pi2
(
m2χ1R +m
2
χ1I
) . (38)
To diagonalise the matrix M˜ν in Eq. (36), we define a Hermitian matrix M, given by
M = M˜+ν M˜ν =
 κ11 0 κ130 κ22 0
κ∗13 0 κ33
 , (39)
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where
κ11 = |λ11|2 + |λ13|2, κ22 = |λ22|2,
κ33 = |λ13|2 + |λ33|2, κ13 = λ∗11λ13 + λ∗13λ33, (40)
with λ11, λ22, λ33 and λ13 are defined in Eq. (37).
The mass matrix M is diagonalized by U13,
Uν =
 cos θ 0 sin θe−iψ0 1 0
− sin θeiψ 0 cos θ
 , (41)
where
ψ = − i
2
log
(
λ11λ
∗
13 + λ13λ
∗
33
λ∗11λ13 + λ
∗
13λ33
)
,
θ = arctan

√
κ∗13
κ13
(
κ11 − κ33 −
√
4|κ13|2 + (κ11 − κ33)2
)
2κ∗13
 . (42)
Three light active neutrino masses m1,2,3 are given by
m21,3 =
1
2
(
κ11 + κ33 ±
√
(κ11 − κ33)2 + 4|κ13|2
)
≡ Γ1 ± Γ2,
m22 = κ22. (43)
Combining Eqs. (24) and (41), we get the lepton mixing matrix:
U lep = U+L Uν =
 Λ11 cos θ − eiψΛ31 sin θ Λ21 Λ31 cos θ + e−iψΛ11 sin θΛ12 cos θ − eiψΛ32 sin θ Λ22 Λ32 cos θ + e−iψΛ12 sin θ
Λ13 cos θ − eiψΛ33 sin θ Λ23 Λ33 cos θ + e−iψΛ13 sin θ
 . (44)
In the standard parametrization, the lepton mixing matrix (UPMNS) can be parametrized as
2
UPMNS =
 c12c13 −s12c13 −s13e−iδs12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ −s23c13
s12s23 + c12c23s13e
iδ c12s23 + s12c23s13e
iδ c23c13
 , (45)
where cij = cos θij , sij = sin θij with θ12, θ23 and θ13 being the solar angle, atmospheric angle and the reactor angle,
respectively and δ is the Dirac CP violating phase.
By comparing two expressions (44) and (45) we get the relations:
Λ11 = cos θc12c13 + sin θs13e
−i(δ−ψ),
Λ12 = c13s23 sin θe
iψ − cos θ(c23s12 + c12s13s23eiδ),
Λ13 = c13c23 sin θe
iψ − c12c23s13 cos θeiδ + s12s23 cos θ,
Λ21 = c13s12, Λ22 = c12c23 − s12s13s23eiδ,
Λ23 = −c12s23 − s12s13c23eiδ,
Λ31 = −c12c13 sin θe−iψ + s13 cos θe−iδ,
Λ32 = cos θc13s23 + e
−iψ sin θ(c23s12 + c12s13s23eiδ),
Λ33 = cos θc13c23 + e
−iψ sin θ(c12c23s13eiδ − s12s23). (46)
2 The Majorana phases do not affect neutrino oscillations and thus will be omitted.
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At present, θ12 and θ13 are now very constrained while the precise evaluation of θ23 is still an open problem [93]. On
the other hand, the values of neutrino masses as well as the mass ordering of neutrinos is unknown. The neutrino mass
spectrum can be the normal mass ordering (NO) (|m1| ' |m2| < |m3|), inverted ordering (IO) (|m3| < |m1| ' |m2|)
or nearly degenerate (|m1| ' |m2| ' |m3|). The mass ordering of neutrino depends on the sign of ∆m232 which is
currently unknown. In the model under consideration, the two possible signs of ∆m232 correspond to two types of
neutrino mass spectrum can be provided.
A. Normal ordering
By taking the best-fit values for neutrino mass squared splittings, leptonic mixing angles and the Dirac CP violating
phase for NO as given in Ref. [93], ∆m221 = m
2
2 −m21 = 7.53 × 10−5eV2 and ∆m232 = m23 −m22 = 2.444 × 10−3eV2,
we find the solution Γ1 = 0.00121735 eV +m22, Γ2 = −0.00129265 eV (for the definition see Eq.(43)).
The absolute values of neutrino masses as well as the neutrino mass ordering are still unknown, however, we can
use the neutrino oscillation experimental data for NO given in Ref. [93] to find m2 = 0.0087 eV. In this case, the
parameters Γ1,Γ2 and the other neutrino masses are explicitly given as
Γ1 = 1.29304× 10−3 eV,Γ2 = −1.29265× 10−3 eV, (47)
m1 = 6.245× 10−4 eV, m3 = 5.01965× 10−2 eV. (48)
Then, the resulting sum of the neutrino masses takes the value
∑3
i=1mi = 0.06017 eV, which is consistent with the
current cosmological constraints mν < 0.12 eV given in Ref. [95–98].
Taking the best fit value for NO (octant I) given in Ref. [93], s212 = 0.307, s
2
13 = 0.0218, s
2
23 = 0.512 and δ = 1.37pi
we obtain:
Λ11 = 0.823342 cos θ + 0.147648 sin θe
−i(1.37pi−ψ),
Λ12 = (−0.352132 + 0.0807154i) cos θ + 0.707699 sin θeiψ,
Λ13 = (0.430565 + 0.0788009i) cos θ + 0.690914 sin θe
iψ,
Λ21 = 0.548003, Λ22 = 0.604784 + 0.0537228i,
Λ23 = −0.572968 + 0.0524486i,
Λ31 = (−0.0586382 + 0.135505i) cos θ − 0.823342 sin θe−iψ,
Λ32 = 0.707699 cos θ + 0.0879488 sin θe
i(1.37pi−ψ) + 0.387061 sin θe−iψ,
Λ33 = 0.690914 cos θ + 0.0858627 sin θe
i(1.37pi−ψ) − 0.396464 sin θe−iψ. (49)
The leptonic mixing matrix in Eq. (44) takes the explicit form:
U lepνN =
(
U lepνN
)
ij
(i, j = 1, 2, 3), (50)
with (
U lepνN
)
11
= 0.823342 + 1.11022× 10−16i− (1.19494− 1.12213i)× 10−17 cos θ sin θeiψ,(
U lepνN
)
12
= 0.548003,
(
U lepνN
)
13
= −0.0586382 + 0.135505i,(
U lepνN
)
21
= (−0.352132 + 0.0807154i)− (1.11022 + 0.138778i)× 10−16 sin2 θ,(
U lepνN
)
22
= 0.604784 + 0.0537228i,(
U lepνN
)
23
= 0.707699 + (1.03124 + 0.098213i)× 10−16 cos θ sin θe−iψ,(
U lepνN
)
31
= 0.430565 + 0.0788009i,
(
U lepνN
)
32
= −0.572968 + 0.0524486i,(
U lepνN
)
33
= 0.690914 + (4.79418 + 9.58835i)× 10−18 cos θ sin θe−iψ. (51)
The expression (51) shows that
(
U lepνN
)
11
,
(
U lepνN
)
21
,
(
U lepνN
)
23
,
(
U lepνN
)
32
and
(
U lepνN
)
33
depends on two free pa-
rameters ψ, θ, however, the terms containing these parameters are very small compared to the others since
12
|eiψ| = | cos θ|max = | sin θ|max = 1. Thus, for simplicity, we can choose ψ = 0 and θ = pi4 which can be achieved in
the case xN , yN , h1,2,3,4N , λ0, vσ3 , vσ being real and h1N = h2N = h3N = h4N , vσ3 = −vσ and yN = ±
√
2xN . The
leptonic mixing matrix takes the explicit form:
U lep '
 0.823342 0.548003 −0.0586382 + 0.135505i−0.352132 + 0.0807154i 0.604784 + 0.0537228i 0.707699
0.430565 + 0.0788009i −0.572968 + 0.0524486i 0.690914
 , (52)
or
|U lep| =
 0.823342 0.548003 0.1476480.361264 0.607165 0.707699
0.437717 0.575364 0.690914
 , (53)
i.e, the ranges of the magnitude of the elements of the three-flavour leptonic mixing matrix is well consistent with
those of given in Ref. [99].
B. Inverted ordering
Similar to the NO, taking the best-fit values of neutrino oscillation parameters for IO as given in Ref. [93], ∆m221 =
m22−m21 = 7.53× 10−5eV2 and ∆m232 = m23−m22 = −2.53× 10−3eV2, we obtain: Γ1 = −0.00130265 eV +m22, Γ2 =
1.22735× 10−3 eV. Then we find m2 = 0.0504 eV with the parameters Γ1,Γ2 and the other neutrino masses given as
Γ1 = 1.23751× 10−3 eV,Γ2 = 1.22735× 10−3 eV, (54)
m1 = 4.96474× 10−2 eV, m3 = 3.18748× 10−3 eV. (55)
Thus, we find that the sum of neutrino masses in the inverted spectrum takes the form
∑3
i=1m
I
i = 0.103235 eV which
is consistent with the current cosmological constraints of Ref. [95].
Next, taking the best fit value for IO given in Ref. [93], s212 = 0.307, s
2
13 = 0.0218, s
2
23 = 0.536 and δ = 1.37pi we
obtain:
ΛI11 = 0.823342 cos θ + 0.147648 sin θe
−i(1.37pi−ψ),
ΛI12 = (−0.341685 + 0.0825855i) cos θ + 0.724096 sin θeiψ,
ΛI13 = (0.438901 + 0.0768388i) cos θ + 0.67371 sin θe
iψ,
ΛI21 = 0.548003, Λ22 = 0.590842 + 0.0549676i,
ΛI23 = −0.587334 + 0.0511426i,
ΛI31 = (−0.0586382 + 0.135505i) cos θ − 0.823342 sin θe−iψ,
ΛI32 = 0.724096 cos θ + 0.0899865 sin θe
i(1.37pi−ψ) + 0.377423 sin θe−iψ,
ΛI33 = 0.67371 cos θ + 0.0837247 sin θe
i(1.37pi−ψ) − 0.40565 sin θe−iψ. (56)
In the IO, the leptonic mixing matrix in Eq. (44) takes the explicit form:
U lepI '
 0.823342 0.548003 −0.0586382 + 0.135505i−0.341685 + 0.0825855i 0.590842 + 0.0549676i 0.724096
0.438901 + 0.0768388i −0.587334 + 0.0511426i 0.67371
 , (57)
or
|U lepI | =
 0.823342 0.548003 0.1476480.351524 0.593394 0.724096
0.445577 0.589556 0.67371
 , (58)
which is well consistent with the constraints on the absolute values of the entries of the leptonic mixing matrix given
in Ref. [99].
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C. Effective neutrino mass parameter
Let us evaluate in our model the effective Lepton Number Violating mββ and Lepton Number Conserving mβ neutrino
mass parameters defined as
mββ =
∣∣∣∣∣
3∑
i=1
U2eimi
∣∣∣∣∣ , mβ =
(
3∑
i=1
|Uei|2m2i
)1/2
, (59)
where Uei (i = 1, 2, 3) is the PMNS leptonic mixing matrix elements and mi the masses of three light neutrinos.
The amplitudes of neutrinoless double beta decay (0νββ) and single β-decay are proportional to mββ and to mβ ,
respectively.
From Eqs. (48), (52), (55), (57) and (59) we find for the Normal and Inverted neutrino mass Orderings the values
mββ =
{
2.42206× 10−3 eV for NO
4.87435× 10−2 eV for IO (60)
mβ =
{
8.82746× 10−3 eV for NO
4.93352× 10−2 eV for IO (61)
From Eqs. (52), (57) the Jarlskog invariant, which controls the size of true CP violation, takes the values:
JCP = Im(U23U
∗
13U12U
∗
22) =
{
−0.0305607 eV for NO
−0.0304902 eV for IO (62)
The model values (60), (61) of the neutrino mass parameters for both normal and inverted mass ordering, are below
the sensitivity of the current 0νββ- and β-decay experiments. The future 0νββ-decay experiments [100] are expected
to reach the values of mββ in Eq. (60) for the case of IO.
V. MUON AND ELECTRON ANOMALOUS MAGNETIC MOMENTS
We consider a scalar sector where three heavy Higgs mixes as follows:H1H2
H3
 = Rx(θx)Ry(θy)Rz(θz)
 ξρξ1R
ξ2R
 (63)
where Rx(θx), Ry(θy), Rz(θz) are rotation matrices, and ξρ, ξ1R, ξ2R are real scalar fields. This mixing is well
motivated in a 331 model with three scalar triplets shown in Ref. [49] where a heavy Higgs boson is decoupled to
the ξη field and then it is possible to write the three heavy Higgs bosons as a linear combination of three real fields:
ξρ, ξ1R and ξ2R. These scalar fields will contribute to the g − 2 muon and electron anomalous magnetic moments as
shown in Figure 4.
The expression for the (g − 2)µ muon anomalous magnetic moment is given by [22, 101, 102]
∆aµ(φ) =
m2µ
8pi2m2φ
∫ 1
0
dx
∑
f
(gfµs1 )
2P+1 (x)
(1− x)(1− xλ2) + x2fλ2
with P+1 (x) = x
2(1− x+ f ), λ = mµmφ and f =
mf
mµ
where mf is an exotic fermion mass and the g
fµ
s1 is the coupling
in the interaction term gfµs1 φlfµ.
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The current experimental deviation of the (g − 2)µ from its SM value lies in the range [103–105]:
(∆aµ)exp = (26.1± 8)× 10−10 (64)
The most recent experimental result for the anomalous magnetic dipole moment of the electron, obtained from the
measurement of the fine structure constant, indicates a 2.5σ deviation from the SM prediction[106]:
(∆ae)exp = (−0.88± 0.36)× 10−12 (65)
The theoretical value of ∆ae can be computed analogously to ∆aµ.
Figures 5 and 6 show the allowed parameter space for MS-ME1 and MS-ME2 , where MS is the minimum value of
the heavy scalar masses. These plots are consistent with the experimental measurement of the anomalous muon and
electron magnetic moments. We found that the model can accommodate the experimental values of anomalous muon
and electron magnetic moments for a large range of parameter space.
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Figure 5: Allowed parameter space for MS −ME planes with different values of the muon anomalous magnetic moment
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Figure 6: Allowed parameter space for MS −ME planes with different values of the muon anomalous magnetic moment
VI. CONCLUSIONS
We have constructed a renormalizable theory based on the SU(3)C×SU(3)L×U(1)X gauge symmetry, supplemented
with the spontaneously broken U(1)Lg global lepton number symmetry and the S3 × Z2 discrete group, consistent
with the low energy SM fermion flavor data. In our model, the particle spectrum of the 3-3-1 model with right handed
Majorana neutrinos is enlarged by the inclusion of gauge singlet scalars and charged exotic vector like fermions, which
are crucial for the implementation of the tree level Universal seesaw mechanism that produces the masses for the
bottom, strange and charm quarks as well as the tau and muon lepton masses. The top and exotic quarks obtain their
tree level masses from renormalizable Yukawa interactions, whereas the first generation SM charged fermion masses
are generated from a one loop level radiative seesaw mechanism. The masses for the light active neutrinos arise from a
radiative seesaw mechanism at one loop level. Our model successfully explains the hierarchy of the fermion masses and
mixings as well as accommodates the current experimental deviations of the electron and muon anomalous magnetic
moments from their SM values.
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Appendix A: The S3 discrete group
The S3 discrete group contains 3 irreducible representations: 1, 1
′ and 2. Considering (x1, x2)
T
and (y1, y2)
T
as the
basis vectors for two S3 doublets and (y´) is an S3 non trivial singlet, the multiplication rules of the S3 group for the
16
case of real representations take the form [107]:(
x1
x2
)
2
⊗
(
y1
y2
)
2
= (x1y1 + x2y2)1 + (x1y2 − x2y1)1′ +
(
x2y2 − x1y1
x1y2 + x2y1
)
2
, (A1)(
x1
x2
)
2
⊗ (y´)1′ =
(
−x2y´
x1y´
)
2
, (x´)1′ ⊗ (y´)1′ = (x´y´)1 . (A2)
Appendix B: The explicit expressions
α0 = −
[
a
(l)
23a
(l)
32 b
(l)
11 − a(l)22a(l)33 b(l)11 − a(l)23a(l)31 b(l)12 + a(l)21a(l)33 b(l)12 + a(l)22a(l)31 b(l)13 − a(l)21a(l)32 b(l)13
+ (a
(l)
33 b
(l)
12 b
(l)
21 − a(l)32 b(l)13 b(l)21 − a(l)33 b(l)11 b(l)22 + a(l)31 b(l)13 b(l)22 + a(l)32 b(l)11 b(l)23 − a(l)31 b(l)12 b(l)23 )λ4
+ (a
(l)
22 b
(l)
13 b
(l)
31 − a(l)23 b(l)12 b(l)31 + a(l)23 b(l)11 b(l)32 − a(l)21 b(l)13 b(l)32 − a(l)22 b(l)11 b(l)33 + a(l)21 b(l)12 b(l)33 )λ6
+ (b
(l)
13 b
(l)
22 b
(l)
31 − b(l)12 b(l)23 b(l)31 − b(l)13 b(l)21 b(l)32 + b(l)11 b(l)23 b(l)32 + b(l)12 b(l)21 b(l)33 − b(l)11 b(l)22 b(l)33 )λ10
]− 12
,
α1 =
[
(a
(l)
23 + b
(l)
23λ
4)(a
(l)
32 + b
(l)
32λ
6)− (a(l)22 + b(l)22λ4)(a(l)33 + b(l)33λ6)
] 1
2
, α2 =
(
b
(l)
11
) 1
2
,
β1 =
[
b
(l)
11 (a
(l)
33 + b
(l)
33λ
6)− b(l)13 (a(l)31 + b(l)31λ6)
] 1
2
, β2 =
(
a
(l)
22 + b
(l)
22λ
4
) 1
2
,
γ1 =
[
b
(l)
11 (a
(l)
22 + b
(l)
22λ
4)− b(l)12 (a(l)21 + b(l)21λ4)
] 1
2
, γ2 =
(
a
(l)
33 + b
(l)
33λ
6
) 1
2
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Figure 1: One-loop Feynman diagrams contributing to the entries of the SM quark mass matrices. Here, n = 1, 2 and i = 1, 2, 3.
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Figure 2: One-loop Feynman diagrams contributing to the entries of the SM charged lepton mass matrix. Here i = 1, 2, 3.
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Figure 3: One-loop Feynman diagrams contributing to the entries of the light active neutrino mass matrix. Here i, j, k = 1, 2, 3.
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Figure 4: Loop Feynman diagrams contributing to the muon and electron anomalous magnetic moments.
